Guanine nucleotide regulation of a mammalian myocardial muscarinic receptor system. Evidence for homo- and heterotropic cooperativity in ligand binding analyzed by computer-assisted curve fitting.
Highly purified dog heart sarcolemmal membranes, with a content of approximately 5 pmol of muscarinic acetylcholine receptor (mAChR)/mg of protein, were analyzed for mAChR-mediated inhibition of adenylyl cyclase and ligand binding in the absence and the presence of guanine nucleotides. Adenylyl cyclase was found to be coupled to the mAChR, being attenuated approximately 30% in a GTP-dependent manner. Direct binding studies, using 3H-labeled oxotremorine M, showed high affinity binding (apparent KD = 10 nM) that was reduced on nucleotide addition. Dose-response curves for GDP, GTP, and guanyl-5'-yl imidodiphosphate showed them to be equipotent. On the basis of pirenzepine binding, only one type of mAChR, commonly referred to as M2, was detected. Direct binding of [3H]quinuclidinyl benzilate [( 3H]QNB) uncovered 50% more binding sites than 150 nM 3H-labeled oxotremorine M; addition of guanine nucleotides uncovered the existence of positive cooperativity in the binding of [3H]QNB. Agonist displacement curves of [3H]QNB binding, without and with guanine nucleotides, extended over several orders of magnitude, which is inconsistent with single site competitive kinetics. The results and their analysis by computer-assisted curve fitting indicated that the data are well fitted by a model in which a receptor is at least bivalent and exists in two states: one with and the other without cooperativity between its sites, with guanine nucleotides decreasing both the degree of cooperativity between the sites and the proportion of the receptor that is in the cooperative form. Since the guanine nucleotide effect is mediated by the Ni coupling protein, it is suggested that direct binding detects R'Ni complexes (cooperative), R"NiG complexes (cooperative but distinct from R'Ni), and R0 complexes (non-cooperative and unaffected by Ni or NiG), where R = mAChR, Ni = the inhibitory regulatory component of adenylyl cyclase unaffected by guanine nucleotide, and NiG = Ni affected by guanine nucleotide (G).